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ABSTRACT 


ineeneanemelcwentatied: Internal Control Evaluation: How The 
Computer Can Help" David C. Burns and James K. Loebbecke presented a 
computer simulation audit approach for evaluating internal control. 
In their article Burns and Loebbecke applied their simulation approach 
to evaluate anillustrative manufacturing inventory internal control 
system. This thesis presents two alternative mathematical approaches 
for solving the Burns/Loebbecke inventory problem: The two mathematical 
approaches presented are compared and the unique conditions necessary 


for the application of each approach are discussed. 
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I. INTRODUCTION 


A. GENERAL 

Given the premise that the volume of transactions processed by most 
entities precludes a detailed audit, the question arises as to the 
degree to which the auditor should be permitted to restrict his 
detailed tests by relying on the system of internal control. 

The second generally accepted auditing standard of field work states 
that the independent auditor is to study and evaluate his client's 
system of internal control "as a basis for reliance thereon" and for 
determining the timing and the extent of testing to be performed under 
Eeecircumstances. Hence, the primary objective of internal control 
Syeuation iS tO ascertain the @xtent?to which the internal control 
system may be relied upon and thus establish a basis for determining 
the nature, timing and extent of detailed auditing procedures. 

A related, but secondary objective is to provide sufficient know- 
ledge of a client's affairs to make timely suggestions for not only 
strengthening the system of internal control but, more importantly, for 
increasing it's efficiency and effectiveness. 

Statement’ on Auditing Procedure No. 54 (henceforth SAP 54) 1] 


provides practitioners the following guidance for performing a study and 


evaluation of internal control: 


[1] 

Statement on Auditing Procedure No. 54: "The Auditor's study and 
evaluation of internal control" issued by the Committee on Auditing 
procedure of the American Institute of Certified Public Accountants, 
November 19/72. The Journal of Accountancy, March 1973, page 62. 





"A conceptually logical approach to the auditor's evaluation of 
accounting control, which focuses directly on the purpose of preventing 
or detecting material errors and irregularities in financial statements, 
is to apply the following steps in considering each significant class 
of transactions and related assets involved in the audit; 
a.) Consider the types of errors and irregularities that could occur. 
Bee Determine the accounting control proceduges that should prevent or 
detect such errors and irregularities. 
maeetermine whether the-necessary=procedures are prescribed and are 
being followed satisfactorily. 
d- Evaluate any weaknesses - i.e., types of potential errors and 
irregularities not covered by existing control procedures ~- to determine 
icin effect—on (1) the nature, timing or extent of auditing procedures 
to be applied and, (2) suggestions_to, be=made to the client.” 
Four basic types of internal control work are normaily performed 
by practicing auditors to comply with guidance provided by SAP cee 
1. A study and review of prescribed internal control. 
2. A “preliminary” or conceptual evaluation of prescribed internal 
controls. 
3. Compliance tests of selected internal controls. 
& A “final” evaluation of internal control. 
This thesis focuses on the procedures required to accomplish a 


preliminary evaluation of internal control. 


[2] 

David C. Burns and James K. Loebbecke: “internal Concrol 
Evaluation: How The Computer Can Help". The Journal of Accountancy, 
August, 1975. 





B. PRELIMINARY EVALUATION OF INTERNAL contro !?! 

The preliminary evaluation of internal control plays a key role 
in the audit process when the SAP 54 (statement on Auditing Procedures 
No. 54) approach is employed. 

ive primary purpose of the auditor's preliminary evaluation is to 
obtain a rational basis for formulating a tentative decision concerning 
the degree of reliance to place upon the various facets of the Clients 
prescribed system of internal controls. 

However, the benefits which should be derived from this preliminary 
evaluation extend far beyond this primary prupose. A careful thorough 
preliminary evaluation helps assure a valid tentative audit strategy of 


reliance upon internal control, compliance tests, and substantive 


procedures. 


The planning of such a strategy at the earliest stages of the audit 


can save both the auditor and his client much time and money in the 





long-run. A careless preliminary evaluation can cause the auditor 

to plan an inappropriate audit strategy based on incorrect assessment 
of the adequacy of internal control. This type of erroneous tentative 
strategy can lead to unnecessary compliance tests, poorly designed 
substantive test, and expensive emergency procedures. Hence the 


preliminary evaluation is a very important step in the audit process. 


C. PURPOSE 


inane antrele entatied “Internal Control Evaluation: How The 


[3] 

David C. Burns: “Extending the study and evaluation of internal 
controls to meet system complexitites", The CPA Journal, May, 1974, 
DP. 23 — 34. 
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Computer Can Help" David C. Burns and James K. Loebbecke explained how 
the Computer can serve the auditor as a preliminary evaluation audit 
tool. To illustrate this potential, Burns and Loebbecke applied 
simulation to a preliminary evaluation problem that involved an inventory 
accounting and internal control system of a moderately complex 
manufacturing firm. 

The purpose of this thesis is to demonstrate the extent to which 
the illustrative problem proposed by Burns and Loebbecke can be solved 
by two different analytical methods. A mean value analytical method is 
demonstrated in Chapter V. A stochastic method is demonstrated in 


Chapter VI. 


aah 





ET. INTRODUCTION OF THE ILLUSTRATIVE PROBLEM 


As was previously mentioned the illustrative problem proposed by 
Burns and Loebbecke involves a raw materials inventory accounting and 
internal control system of a manufacturing firm. This raw materials 
system is a facet of a total manufacturing inventory system proposed by 


[4] 


Burns. A summary description of Burn's illustrative problem appears 
in Appendix A of this thesis. 
A brief summary description of the raw materials facet of the 


problem is presented in the following section for the reader's 


convelence : 


A. SUMMARY OF THE BURNS AND LOEBBECKE PROBLEM 

This problem requires that tolerable compliance levels be established 
for a raw materials inventory accounting and internal control subsystem. 
The problem involves a manual raw materials inventory accounting and 
internal control subsystem which is flowcharted in Figure I, 

It is the company's policy to carry all inventories at predetermined 
standard cost. A physical inventory is conducted each year by management 
on September 30. Both the perpetual stock control records and the 
financial accounts are adjusted to agree with this September 30th 
physical inventory. The company relies upon its system of internal 
control to assure accurate financial inventory account balances at the 


December 31 year end. Budgeted inventory activity for the three month 


i This article deais with the problem proposed in Professor Burn's 
doctoral dissertation "Audit Evidence Evaluation Using Computer 
Simulation with Special Emphasis on Ascertaining the Reliability of 
Accounting Data", Indiana University, Graduate School of Business, 
nov 1. 
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period to end December 31 of the current year and the inventory 
accounting and internal control subsystem (flowcharted) are presented 


in Table I and Figure I respectively. 


B. PRELIMINARY EVALUATION ASSUMPTIONS 

: The company's independent auditor has completed his review and 
visual inspection of prescribed raw material controls on May 15 of 
the current year. He is currently in the process of performing his 
oreliminary evaluation of the inventory system. 

In the course of performing his preliminary evaluation, the auditor 
has identified all inventory controls which seem pertinent to his 
preliminary evaluation at this early stage of the audit. 

He has used his professional impressions to obtain the potential 
frequency rates and error magnitudes for many types of errors. These 
are illustrated in Table II. 

Having established the facts and assumptions presented above, the 
auditor must now turn to the difficult task of performing a preliminary 
evaluation of the inventory system. 

This preliminary evaluation will provide him a basis for planning 
his physical inventory strategy. i.e., by the interpretation of the 
results of preliminary internal control evaluation, the auditor can 
decide, on a tentative basis, whether or not the system seems strong 
enough to support heavy reliance upon a September 30th physical 
inventory for audit purposes. 

If the auditor decides that the subsystem seems strong enough to 
support heavy audit reliance upon the September 30 physical inventory, 
he must further plan compliance tests, establish tolerable levels of 


compliance and design substantive tests forinteriminventory transactions. 


LS 





In determining tolerable compliance levels, the auditor must 
decide what levels of compliance with pertinent inventory controls 
seem necessary to justify reliance upon the subsystem for the three 


month interim period to end December 31 of the current year. 


14 





IIIT. SUMMARY OF PERTINENT FACTS 


AND PRELIMINARY EVALUATION ASSUMPTIONS 


The following diagrams contain the facts and preliminary 


evaluation assumptions related to one of four types of raw materials 


included in the Burns/Ioetbecke illustration: 


Raw Material # 1 





Purchase 40,000 units 
(budgeted). Shipment 
lle= 200 GJj= 25 


Pitot tactors 


Quantity error 
25% chance to overstate 
by 10% 
Costing error 


10% chance to apply 
erroneous unit price 


STD price $ 13.5/unit 


Reroneous S$ 6.5/unit 


Wome. Produce 1: 


33.600 units requisition 
production order 
yw = 150 o = 35 


Crrormroc lors 
Quantity error 
154 chance to overstate 
by 104 by Dept. # 1. 
Costing error 


10% chance to apply 
erroneous unit price 


Dept A 1 





Requisitioned 332000 
units (Budgeted) 


recor Laclors 


33.000 units Eransfierred 


to Dept. # 2. 


error factors 


Production count quantity error may occur in Dept. #1. If a count 
error occurs in Dept. 1 and escapes the detection of Dept. 1 controls 


fat 


it moves to Dept. 2. Labor and overhead will be charged by cost 


accounting Dept. (il]usion-figures). 





Weel ore rProauct 1. 


Dept. #1 





fMapor Hr.: 


8% chance to apply 
erroneous unit STD Hr. 


STD Labor Hr.: 0.06 hr/unit 
erroneous Hr.: 0.04 


Labor Rate: 
erroneous unit labor rates. 
Type I and Type Il 
given error there are 
50-50 chance to apply Type I 
and Lype Ii. 


ei babor Rate: 6.2/hr. 


type 1s 6.0 
ey pega: 3\./0 


erroneous 


Overhead Rate: 
8% chance to apply erroneous 
overhead rate. 
Sip Rate S 12.85/labor hr. 
erroneous $ 11.4/labor hr. 


Wo lt. 2. Product i. 


ee ee ee 


transferred from Dept. # 1. 
Es .000 units. 
lot size 150 


Quantity error 
Overstatements of production 
eounts also occur in Dept. 2 
Their frequency rate is .08 
pmieethei© magnatude is 57 
overstatement. Dept. 2 count 
error can occur on an order 
previously overstated in 
Dept. 1. 


Meeer Hr.: No error in 
Product # 1. But there 
are errors in other products. 
STD Ox04ehe unit 


10% chance to apply 


All undetected (debit) will be 
transferred to Dept. # 2. 


Dept # 2 





will transfer 30,280 units 
to finished good inventory 


No additional quantity errors 
occur on orders transferred to 
finished goods. However, all 
undetected production count 
errors pass through to finished 
goods. 
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Woy leeweeroduce -. Dept. # 2 
(continued) 





Labor Rate: 10% chance to apply 
erroneous unit cost. Also Type 
I. Type Il. 
een. S 5.6/labor hr. 


Tt) Coulee On 49 thins 


oo 6 Toe IT 6.2/Hr. 


Overhead Rate: 84% chance to apply 
erroneous overhead rate. 
me S 1. 55/labor hr. 
erroneous: S$ 44.05/labor hr. 


Finished Good # 1 





transferred > 30.280 units 
(Budgeted). 


Biron factors 
sale > no error 
Quantity error 


154 chance to overstate by 
10% by Dept. #1. 


8% chance to overstate by 
meeby Dept. # 2. 


Costing error 


8% chance to apply 
erroneous unit cost. 


Sioeunit cost: S$ 16.929/unit 
erroneous cost: $ 9.19/unit 


On the basis of the above assumptions concerning accounting error flows, 
error rates and error magnitudes the auditor in the Burn's and Loebbecke 
illustration must somehow assess potential financial statement consequences 
of the system in collar terms. This requires the auditor to determine 
Statistic means and standard deviations for the doliar errors at each 


stage of the accounting process. These error statistics must further 


any 





be combined to arrive at grand error statistics to determine potential 
financial statement consequences. 

This task was performed by Burn's and Loebbecke via computer 
simulation. 

The development of a-rigorous mathematical model of internal 
control is beyond the intended scope of this thesis. This thesis effort 
is directed toward the development of an alternative approximation 
model. A model, simple enough that it might be developed by an audit 
Practitioner. 

The formulation of such an alternative model requires an under- 
standing of the bchavior of the assumed accounting system and the flow 

f the accounting data. The following chapters demonstrate how this can 


be done. 


18 





TABLE 


BUDGET OF RAW MATERIALS ACTIVITY 


ik 


FORe tno. 20 URE. PO REE-MONTH PERLOD TO END DECEMBER 31 


BUDGETED BEGINNING INVENTORY 
(Sher .) 30) 


SupcelED PURCHASES FOR THE PERIOD 
SUBTOTAL 
BUDGETED USAGE 


BUDGETED ENDING INVENTORY 
(BEG. 31) 


19 


UNITS 


29500 


140,000 


G9. 200 


128,500 


41,000 


DOLLARS 


337500 


1,584,800 
$1,923,900 


1,450,400 


$473,500 





ene bee ee 1 I 


QUANTITATIVE DESCRIPTIONS OF POTENTIAL ERRORS 


oo a eee 





Potential 
Error 
Or error Symbol s* Potential frequency Rate Magni tude** 
dor Count 25 out of every 100 counts 10% understatement 
rrors [1] BSG . of true quantity 
iting Errors 10 out of every 100 trans- Random application 
actions Or 1G. of an inappropriate 


standard price. 
(See Figure III for 
further details) 


“atorial 15 out of every 100 re- 10% overstatement 
uisition _qguisitions or 15% of true quantity. 
mm. Errors 


mbols in this column are used to identify types of potential errors in other 
mmiecs presented later in this article. 


equency rates and Maqnitudes could be described in either a "most pessimistic” 
"most likely" manner depending on the preference of the auditor invoivea. 
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IV. METHODS OF ATTACK 


To solve this problem an understanding of the system and accounting 
flow is a prerequisite because relative magnitudes of error effects 
differ according to the assumed system flow. 

Mathematical application is possible by individually analyzing each 
facet of the system. 

The system is so complex that reliance on the results of the two 
analytical approaches developed in this thesis could not be justified 
without comparing the results of the analytical approaches with actual 
results or at least simulated results. 

The purpose of the two approaches performed in this study is to 
illustrate alternative approximation methods that can be performed 
without having to simulate a complex system. In the particular case of 
the previously described medium sized firm dealing in four types of 
products, the results of this study were approximately the same as those 
obtained in the simulation model. However, further study is necessary 


to validate the methods suggested in this thesis. 


A. ANALYSIS OF ERROR FLOW 

Each product as it flows through the system from the purchase of 
raw materials to sales of the finished product is assumed to have an 
equal probability of incurring the errors inherent in the accounting 
system. 

For the purpose of this analysis product # 1 will be taken as 
representative of all products. According to the budgeted figures for 


product # 1 40,000 units of raw material will be purchased. The number 
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of units for each individual purchase of raw material is assumed to be 
a normally distributed random variable with a mean of 200 units and a 
standard deviation of 25 units. 

Each lot of raw materials purchased has the same chance of quantity- 
counting errors and costing errors. Counting errors occur approximately 
25% of the time and the error consists of a 104 understatement in the 
number of units purchased. 

The costing errors occur approximately 10% of the time, and consists 
of an erroneous unit cost being applied to the units purchased. (Correct 
Standard cost is $ 13.5; erroneous standard cost is $ 6.5) 

The budgeted number of units requisitioned by production Dept. # 1 


fwmoo- O00 units. 





Input Raw Material Output 
40,000 units ——————» ae a—> 33,600 units 
(y=200 o=25) (p=150 o=35) 


The number of units per requisition is also assumed to be a normally 
distributed random variable with a mean of 150 units and a standard 
deviation of 35 units. When raw material lots are requisitioned, a 
104 overstatement in the number of units actually requistioned occurs 
154 of the time. 

In addition to the 15% chance of an overstatement in the number of 
units requisitioned, there is a 104 chance that the cost accounting 
department will apply an erroneous unit cost. 

Additionally there is an 84 chance that the cost accounting depart- 
ment will apply erroneous unit labor hours to the units requisitioned. 


Misurect standard is 0.06 hrs/unit; erroneous standand is 0.04 brs/unit) 
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In the recording of the erroneous labor hours by the cost accounting 
department, there is a 54 chance that the type 1 standard labor rate 
($ 6/hr) will be erroneously applied and a 5% chance that the type 2 
Seandard labor rate ($ 5.6/hr) will be erroneously applied. 

Additional errors occur in the application of labor hours. 84 of 
the time the cost accounting department will apply an erroneous standard 
Bvermead rate. (The correct value is $ 12.85/labor hr.; the erroneous 

meatue is $ 11,4/labor hr.). 

Within Department #2 production units are overstated by 54, 8% of 
the time. Additionally, the cost accounting department misapplies the 
standard labor hour. 

Within Department # 2 the application of the correct and erroneous 
rate occur with the same probabilities as in Department #1. (See 
error flowchart). 

The budgeted number of finished goods transferred from producing 
Wepamiment # 2 to the finished goods storeroom is 30,280 units. 

The number of units requisitioned by Department # 1 is a random 
variable (y=150, o=35) and as the products flow through the production 
process, additional quantity errors occur. Therefore, the reported 
number of units transferred to finished goods is also a random variable. 

On the units transferred to finished goods, the cost accounting 
department misapplies the standard unit 8Z of the time. (Correct: 
pmo 929/unit, erroneous: $ 9.19/unit). On sales transactions no 
Seners occur. 

The above errors have been determined to be a potential threat to 
the system and would result in mistatements of the financial statements 


assuming zero compliance with the prescribed system of internal controls. 





The auditor in the illustration is interested in assessing the 
total dollar amount of errors that might occur during the time period 
Seereliance, escape the detection of prescribed controls and impact 
the financial statements. Of course these assessments would be performed 
on the basis of various assumptions related to internal control compliance. 
For example, if the auditor assumed that compliance with the prescribed 
internal control system might be 904 then a 25% chance of an undetected 
vendor's count error would be effectively reduced to a 2.5% chance. 

At this point the auditor should establish minimum compliance levels for 
the controls selected for reliance during his preliminary evaluation. 
The minimum (tolerable) levels should be set at values which the auditor 
considers necessary in the circumstances to justify his planned strategy 
of substantive procedures. 

The financial statement consequences (Exhibit # 1) of the system's 
performance at various assumed levels of compliance with internal control 
furnish the auditor with an objective, rational basis for establishing 
minimum required reliability levels. 

In developing a model, for convenience, a 904 level of effectiveness 
in the internal control system will be assumed. The fact that the 
internal control system is 90% effective in detecting errors is 
relevant to error frequency, meaning that every error frequency assumed 
above is reduced to one tenth of it's current level and the effectiveness 
has nothing to do with error magnitude. 

One very useful method for interpreting and solving the problem 
described above, is the use of a tree diagram. 

Each independent lot in each stage of the accounting flow is 


presented on the foliowing tree diagram. 
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Given a specific lot size (condition), the mean and variance of 
the error effect can be calculated directly from the above tree diagrams. 


For example at the purchase stage, given a particular lot size X = Xx. 


we have a computational formula. 

Biinpwt error] = (0.975)(0.99)(0; no error)+(0.975) (0.01) ($ value 
Pemegsting error effect)+(0.025) (0.99) (S value of counting error effect) 
+(0.025)(0.01)($ value of combined error effect). 

The above joint probabilities are computed using independence 
between counting errors and costing errors. 

Also we compute variance in a similar way. The dollar value of 


each error effect will be analyzed later. 
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V. MEAN VALUE MODEL 


A. ALGORITHM FOR MEAN VALUE OF THE ERRORS AT EACH PRODUCTION STAGE. 
As seen in the previous chapter, the counting error and costing error 


can occur independently on each lot X.. 


< 
@ <t ot 
ee 9b Eo 
Go CO o_o s oe 
O ‘ a 0 Gee 6 
x) X, x. Xy, Xe x 


As described earlier, each lot has 
Wea .025 chance of a counting error 
(2) a .01 chance of a costing error 
3) a (2.5) (1.0) (107) ehanee of a jO0int error and 


(4) a 0.96525 chance of no errors. 


Now, to demonstrate the nature and essence of this problem, and for 
Simplification, let the random variable xX, (number of units in each 
lot) be degenerate at 200 units (mean value of raw material #1), and 
then N (number of lots required to get 40,000 units) will be 200. 
Then, among the 200 lots: 
(1) 193.05 lots (200 lots x 0.96525) are expected to be free from 
errors. 
(2) 5 lots (200 lots x 0.025) are expected to have a quantity error. 
(3) 2 lots (200 lcts x 0.01) are expected to have a counting error. 
(4) 0.05 lots (200 lots x 0.00025) are expected to have joint error. 
In all, errors are expected from 6.95 lots. (See Venn diagram 


below.) 


Zo 








yjoint error 2,5 x 10°" 


mounting Error  .— 
0.025 


>costing error 0.01 





error frecwmo.96525 


Assuming lot sizes of 200 units the expected error effects are calcualted 
as follows: 
ee Ouantity (Counting) error 
If one lot has a counting error, the lot size will be under- 
stated by 20 units (200 units x 0.1) which results in a dollar error of 
ero) (20 units x 13.5 unit cost). Therefore, the total average 
counting error during the period is expected to be $270 x 5 lots 
= § 1,350. (understated). 
e2)) Costing error 
If one lot has a costing error, the costing error will be 
(700 Gnits) (A price)=(200) (6.5-13.5)=$1,400. (understated). 
Therefore, the total average costing error during the period is 
expected to be $ 1,400 x 2 = $ 2,800. 
mo) The Joint error 


imesdolilar value of J) lot Ss j0int error is 


(GES Osunuesex 990.5) — (200 units x $ 13.5) = $-1,530 


The total average joint error during the period is expected to be 
gee x 51,530 = $ 76.5. 


The joint error effect can be analyzed as follows: 
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lbs Actual correct figure 


S 1,530 
6.5 





180 200 
Sale, 


A = (180) (6.5) = 1,170 (erroneous lot cost) 
A+B+C+D = (200)(13.5) = 2,700 (correct lot cost) 
brctD = 1,530) (jO1npeeerror effect) 
imecountingmesror = serpe= (20) (13.5) = $270 


1 costing error = B+D = (7) (200) = 1,400. 


Here we can see the joint error (BtC+D = 1,530) # 1 counting error 
flecosting error (B+C+2D = 1,670). 

We can compute joint error at cach stage. But if this joint error 
effect is insignificant (immaterial) at each stage compared to the 
total combined error. We can save these computational efforts by 
eueetreuting | counting error + 1 costing error (1,670) for the joint 
Siemon i,530). In this case the simplification causes a (140) (0.05) 
= § 7 difference during the period. 

The combined error effect during the period = $ -4,226.5 (-1,350 
-2,800 -76.5). 

The combined error effect by substitution during the period 
=$ -4,233.5 (-1,350 -2,800 -83.5). 

The $ 7 difference is only 0.16% of the total error effect 
(7/4,226 = 0.00165). So for the tentative internal control evaluation 
purpose this approximation is tolerable. If it is significant we must 
compute the joint error exactly as (B+C+tD). From the above reasoning, 


if we substitute one counting error + one costing error for one joint 
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error, then, the problem is much simpler than when we treat the joint 
error as a separate additional variable. With the simplification an 
average of 0.05 lots of the joint error among 200 lots is equivalent 
momo. 0>) lots of costing error plus 0.05 lots of counting error. 

This means we expect 5 lots with a counting error, 2 lots with a 
costing error and no lots containing joint error. 

This situation holds true for W.I.P. inventory. For labor error, 

1 lot's correct standard cost is (150 units) (6.2 $/hr)(0.06 hr/unit) 
= $ 55.8 (value added by Department # 1). 

When a type 1 error is made at this stage, the standard cost is 
eepected to be (165 units) ($6.0/hr) (0.04 hr/unit) = $39.6. 

Ppetyoe 2 error will be (165 units) ($ 5.6/hr) (0.04 hr/unit) = $ 36.96. 
These joint errors (counting error: 165 units instead of 150 units. 
Maperenour error: on product # 1 no error, labor rate error: $ 6,0 for 
type 1 or $ 5.6 for type 2 instead of correct $ 6.2/hr) can be analyzed 
as follows: 

el i lot's type 1 error 


a. counting error = (150 x 0.1) (0.06 hrs/unit) (612/hr) 


=+5S 5.58. 
b. labor hrs error = (150) (0.04-0.06)(6.2/hr) = - 18.60 
c. labor rate error=(150) x 0.04 x (6.0-6.2) =- $1.2. 


The joint error (type 1), (39.6 - 55.8 = -16.2) is approximated to be 
equivalent to adding a. + b. + c. shown above (5.58 - 18.60 - 1.2 
==- 14.22). 

Similarly, 1 lot's type 2 joint error (36.96 - 55.8 = - 18.84) is 
approximated to be equivalent to adding the quantity error (+5.58), the 
labor hour error (-18.6) and the labor rate error (-5.4). The calculations 


“ 


above are also applicable to overhead errors. 
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1 lot's correct overhead standard cost = 150 units x 0.06 hrs/unit 
pee i2.85/hr = S 115.65. 

image ceecuroOncouce overhead standardyeost = (150 x 1.1) x 0.04 
haples4 = S 75.24. 

This combined error (counting error, labor hr error and overhead 
rate error) can also be approximated as follows 


me Quantity error 


(pa 0 x 0-1) (0-06) (235) = S 117565 
= Labor hour error 
150 (0.04 - 0.06) (12.85) = $ - 38.55 


wee Overhead rate error 


GO —. 06) C11.4 = 12785) = S$ 13.05 


Therefore, the dollar value of 1 lot's joint error is approximated 
to be equivalent to adding one quantity error + one labor hour error 
+ one overhead rate error; meaning that the joint error is eliminated 
simply by computing each error independently. 

These errors are independent so that when we compute the combined 
mean error of each stage we can add each mean error arithmetically. For 
example, when we compute the expected error of the ending inventory of 
each raw material (e.g. raw material # 1) we have expected error of 
ending inventory = expected input error - expected output error. 

The total expected ending inventory error of raw materials is the 
sum of the expected errors of ending inventory for each raw material. 


This combining procedure is clarified in later sections. 


B. ALGORITHM FOR VARIANCE 
Because the probability of error for each lot is p = .025 the total 


number of error lots is the sum of independent Bernoulli trials. This 
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situation can be approximated by a Poisson distribution. Among 200 lots 
5 lots (200 x 0.025) are the expected number of lots containing a count- 
ing error. The variance of the counting error is 5 Coo 

The mean anc variance of the # of lots which have costing errors 
is 2 lots and 2 @oeeo respectively. The standard deviation for the 
femeear value of the input counting errors for raw material # 1 is 
Y 5 x 270 = $ 603.7/year. 

The standard deviation for the dollar value of input costing errors 
for raw material # lis “7x ium 15950) year, 

Recall that these expressions are "quick and dirty" approximations 
to the actual case because of our assumption that all lots are of size 
200. The objective of this section is simply to show the nature and 
accounting flow of the problem. Using the procedure described above, 
when we combine more than 2 independent erros for computational 
convenience we can utilize a probability theorem. When the relation 
fee—eax tolds. EY] = a E[X]) and Var [Y] = ae Vary liar ent rue 

ie dollar value of input error X = 270 C, + 1,4007C. where C. and 


2 1 
C. are number of lots having counting error and costing error 
mespectively. 
E[X] = 270 BIC, ] + 1,400 E[C,] 270s > tol 400CKe2 = 45150 
Var [X] = (270)" var (C,) + (1,400)° var (C,) 


m7) (5) & (1,400)7 (2) 
Standard deviation of X, 0,27 (270)7(5)+(1, 400)" (2) 
= $ 2,070 (1) 


Expression (1) is equivalent to multiplying the dollar value of 


9 
one counting error ($2/0) by the square root of (5 lots” of counting 





2 
a) totes of costing error = 58,77 lots in terms of 


eounting error) i.e., Cy sre oey eo (270) = S$ 2,070. 


error + 2 {( 


Because independence holds not only between the product, but also 
between each stage of accounting flow, we can compute means by summing 
each error according to the accounting flow. And we can compute 
variances or standard deviations simply by accumulating variances 
adjusted by the above procedures. 


For the output of Raw Material # 1. 


As calculated in the previous section, the expected number of 


counting error lots = 32,800 x 0.015 = 3.36 lots, and the expected 
= Sano ' 
number of costing error lots = “T59. * 0.01 = 2.24 lots. One lot's 


fommbane error = (150 x 0.1) x 13.5 = $ 202.5 and one lot's costing 
error = 150 x (6.5 - 13.5) = - $1,050. The expected value of the 
eombined output for Raw Material # 1 is 3.36 x 202.5 + (- 2.24 x 1050) 


=- 1,672 (understated), the standard deviation is 


S ee a iT a 
3.36 x (G2) + 2.24 x CLR) x 270 = 1,615. 








Therefore the combined total errcr of ending inventory for Raw Material 
# 1 is obtained simply by subtraction. i.e., the combined total error 


for Raw Material # 1 = - 4,150 -(- 1,672) = - 2,478. 


The corresponding combined standard deviation is 


/ (2,070)" + (1,615)° = # 2,625 





Z 2 2 a2 
I ALONG. 20225 12050 
or isi sc (“370 taoemoex ( 770 amie 24 (ere! ] 


eee Wea 202 5 





The above figures are summarized as follows: 


Kaw Material 7 1 





Counting error Counting error 

- 1,350 + 680 
Costing error Costing error 

- 2,800 2,552 
Total Input error Total Output error 

- $ 4,150 =r 167 2 
Standard deviation Standard deviation 

2070 $ 1,615 


Total ending inventory (input-output) 


Oe S 2,625 


ime same alporithm is applicable for raw material # 2, raw material 
ead raw material # 4. The totally combined figures of raw 
Mmeberials f 1, 1.1.65. raw material # n follows the same procedure. 

The results of the total ending raw material are shown below at 
each assumed internal control system reliability level. (95%, 90Z,:°- 
Tih) . 

A simple computer program for performing this computation is 
attached in Appendix B. This program is accompanied by a variable 
name dictionary. When we compare the figures generated by this program 
men the results of the computer simulation cof Burn's (Exhibit II), 


wemmote little difference. (See Table III.) 
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However, validation of this procedure will be discussed in later 
sections of this paper. The computed figures for all products described 


in the problem are presented in Exhibit II. 
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TABLE III 


COMPARISON OF THE TWO RESULTS 


| STANDARD DEVIATION 


RELIABILITY | MEAN VALUE MODEL | = MEAN VALUE MODEL; SIMULATION 





MEAN 






-~ 3,166 50 3,800 
=. (6no83 - 6,300 5,400 
- 9,499 ~ 9,400 6, 300 
- 12,665 =e}? 350 7,500 
Sin 882 - 15,750 8, 300 
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EXHIBIT E 


COMPUTER OUTPUT FOR RAW MATERIALS 
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lap @3ibe Jet eas 


SAMPLE OF OUTPUT DATA GENERATED 


BY THE RAW MATERIALS COMPUTER PROGRAM 


Level of compliance 
with pertinent 
@omtrols during 
the run 


Mean dollar value of 


net error which 
might result in 
Dec. 31 raw 
material account 
balance.* 


Mean dollar error as 
a per cent of bud- 
Bl raw 


geted Dec. 
materials account 
barence (i.e. 

omea7 3,500). 


weanaGara deviation 
of expected 
aeuelar error. 


er ) 


(Simulation) 

Run 1 Run 2 Run 3 
9574 90Z S57 
Cooma Oe 505200) (59,400) 
ne llesaswA 220% 
$3,800 Son 00 $6, 300 


44 


Run 4 


802% 


(S22 350) 


$7,500 


Run 3 


ey’ 


($15 5758) 


205500 


indicates understatement of raw materials account balance. 





EXHIBIT IIL 
ERROR EFFECTS OF TOTAL INVENTORIES 
Be Xe eR Re a ake ee Ree a ake a ae ake a ake oe ate a aie ke ae ic ac a a ak eo aa ie ae ak x 


ee Oe ee er ee ere ee 


ABILITY 950% 2 te err nr ee 
UCT # = ti ss—i‘éiRR AN Uh™hULABOR6LhUCOHCULU™U™UWIP™COFIN 
1 AVE -1239.20 -14.12 57.21 -342.34 -450.37 
Mm SIG 1856.32 =20.25 $93.47 158480 1094.88 
Q------ ----- AVE --  ~1166.57 ~13.41 152633 -372645 - ~510.80 
Meee 6SIG: 212281 Zle1L 156.674 1949.81 1341.40 _ 
3 AVE — -402.12 Loe? TEC 327.45 1181.74 
MmeciG 1711.82 ~ 19.08 73.05 1528.48 1049.81 
a AVE - - -- =358.55 on eee 20) Ore SO ie 106 foes y= 


(1971.63 28.16 126.80 1688.71 1083.27 


mm ee ee See oe 


ey ene RE rr ] 2) t AL EPROR = ee es songs a a Noa oe Re REE, Ne RES occ: ae 
. 


MeVE = -----3165.45- -= 5,01 ---- 587.04 --~-192.37- --1288.13 --- 
3843.17 50.35 233.92 3391036 2296.46 


la intoiototaioi diokok aot oko tok ola goa IO aa Ik ao ialok tet kc kok tote tok a 


ee ee ee ee ee 


<= eee ee ee ee ee ee ee -- = mee ee ee = ree © me ee ee ee es ee eee es oe ee ee 


ABILITY 90.3%. 
—- =: RAW ReAC Gre me = Gt 22 op) ee ea 
Bee AVE 2478.40 ©. 28.24 -.. 114.42... 684.68 .-900674 __.. 
Saie SIG DE Pome Miecata 224tvese sa is4emso 
mm AVE eee OCG een 00 G5 te 144.90) —lo2 scl 
MuensiG 4 4=°§=~§=~° 3002.11 44.00 ~~ 221.66 ~2757.45 1897.03 - 
R=) 804.25 | 34.24... 352.40_..... 654.90... 2363.49 — __ 
2420.89 26.99 HOSE seletso. FIee once 
F ive 8 -Tize10 | «30.83 : 


a 


LON USONca. ola Seto 
_— "SIG 2788.31 39.82 -° 179.32 2388.20 ~- 1531.98 


le ee 8 ee RA ete SR ee ee Set ee See i TE 8 Sar + ee me nee 


arene serictel | a 


SO ee le ey oe ee —_— —_— ~ ~= - = A A A NS I a ee tee Shae ae = 


AVE ieee =~—~C~<“*‘“‘wODSSC*«‘iCCG VG even nee 
a -- SIG Sao oeGs treo 8 330.81 > 4796.11 - 3247-68 





tk i OR III ROR I Rai ti IO ke teak leak tke ke ake ic ea ot ak ac ake ate ae tate Re ae aie ge 


— aed 
a 


MreELIABILITY 855% 


PRODUCT # RAW LABOR OH HIP FIN 





— >, AVE 3717659 42036 Salas 3) 8-1 027502." =) 35a 
SIG 3215.25 35.07 161.89 2744.96 1896.39 

me 06U2]lUl”™t™~*~<“‘i;‘i;‘<C‘CANEO”~*~”:CNH~ 349922 OK H408220—™ 456.98 -1117.36 -1532.4} 
——_-——----—--- — SIG ------ 3676.81 -~-- 53.89 -- 271.48 —-3377.17 2323.38 - 
3 AVE = -1206.37 == $1.36 = 528.60 = 982.35 = 3545.23 

SIG 2664.97 33.06 126653 2647640 1818.32 
“AVE  — 1075.65 46.25 603.91 1739.15 3292.66 


Sue 1G - = 3414.97 © -- 48A77 Gute Oe 2 IZSRSS LoTG—.29 


ae i A em i 
Meee CAVE 06©=CO 9499.33 0 ©=—S15.03 0 «= 17616120 STTL12 «=. 33.864 3B 


morn = CODO655 9b, l- 405.16 --5874.01 = 397 ts 52 













STE ate Se Re Re a oi a DR OK ake aE OR a OK ak RC SK CORR ORC aCe alee ae ak ek ote RR MORE A ak Cake maken 


| RELIABILITY 80.% 

MopuctT# #o##= = RAW  £LABCR CH WIP. FIN 
Ree ier AGG. = S647 «| 28584 51 360,36 > -1831 047 
I G0 3712.65 2. 40.50... 1864.94... 3169.60 2189.76 
2 AVE -4666.29 53.63 609.31 1489.81 2043.21 
MES1G) «4245.62 ©5696 2.23 = 313648 3899.62 2682.81 
Meee AVE ~~ —--1698.50°----68.48 ~°-704.80 "1309.79 4726.98 
Re SIG. 3423665 38.1 Te... 14601) -.-.3056.95 2099.63 
1434.20 61.66 805422 2318.86 4270.21 


3943426 56.31 255400 Be IMG 2 Z1G6s 55 








ome - o- ——- — ~ _— —_ ee ee ee ee ee 
© we ee ee ee a an a See a Deena ee eee ee ae me ee i ee - qe ee ree i a ee te Ee ~ = 2 meee 


~12€65. aot 20.04 £34816 — 1769.48 DED 26 20 


TOOCMOMEETOOLTO 467.84 "6782.72 4592-91 


_-_- -- - - - - = +=. e -_ - w_eeenee - ~ - ~ «ome “+ ose -— oe ee -_- 
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Ser) et eee —- = . =o - as tw - ms - + « nom om — 
te mene) we ee = - - -_- 
a ee a et ee - ee 
me me 


' 
et -  ee, ae + es Be eee 8 em ee ee em ts em et Bein 2 es we et ee eee one ere me 8 eee Be were ee ee A ° + = ae  cceme ev 





9E Me oe ee he te Rh ae Xe ok oe RRS AR Re ee ee Re oe ee ae ae aie ake eo ae ee ae ote ak x oe 


wr ay ee . — 7 = fe hi a += i # _ — —_—=- wre —— wae mr Oe ee te et - em ee te en et ws + 2 —-erweme mm -- oe a ee © roo - ates 7 
eoese arte 


MY (Sei 8 ek ae 
meeODUCT# =i 8 Eee ESPORy OH MIP FIN 
r AVE -6166.60 -70.59 286.05 -l1711-570 =-2251.84 

M060 CO SIG —“( kt 415K «(C4 2B | 2098.00 ~ 3543.73 2448.23 
2 -------- AVE ~-~ ~5832,87 -67.04 - 761.64 ~1862.26 -2554,0) 
eo Cm 4946.75 69.57 350.48 4359.91 2999.47 


3 AVE =201 02 62 85.60 681.00 1637.25 9908 aac 


Meee OIG 3827676 42067 163435 3417.78 EVA I WALAG 
4 AVE -1792.75 cleus 1006.52 2898.58 5337.06 
MeeeSiGN 4488.70 62..96 9 eee Sti>oe0?T  2620—o7 





SE ee ce eee tl — mee Ne re eee ree ee ee ee oe a Sehnert Seat Seen a == 


TOTAL EFROR 
AVE ~15832-24 25.05 2935-220 961.86 6440.63 
‘SIG «8593.58 112.58 523.067 4S8a3 Cay 7 5135.03 
SCORE USAGE---- —---OBJECT CODE= ef is278Y1ES, ARRAY AREA= = ==-60 BYTES, Toe 


eSrite TiME=__._0+67_SEC,EXECUTICN TIME= 0.68 SEC WATFIV = VERSI7 


eee eee a tte ~ -— — a ere ewer cone eee me ee eee Ot eee es 


SS — eee we et ee 
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VI. STOCHASTIC MODEL 


In the previous chapter an approximate analytical model of the 
internal control process was investigated. In this chapter, the 
illustrative control subsystem is treated as a stochastic process 
in which errors of the various types are considered to be generated at 
random in accordance with probability laws having known means and 
variances. Expressions for the expected dollar value of errors and 
wemtlanees are derived, and the results are compared with the simulated 
results and the results from the previous chapter. 

Let xX, be the number of units of raw material in the faa lot 
delivered and let N be the number of lots required to obtain the 
40,0600 units needed for the three month period from September through 
the end of December. Because the lot sizes vary, the X.'s and N are 
random variables. The X.'s are assumed to be independent non~negative 


random variables each having the same (unspecified) probability distri- 


If 


bution with mean We = 200 and standard deviation oO. 25. With these 
assumptions the X,'s form a renewal Seagal (the lot size is thought 


of as analagous to the interarrival times in the usual application of 


renewal theory). Define the random variable S as follows: 
S = O 
O 
n 
ee ey 
n ‘=1 1 


[5] Sheldon M. Ross "APPLIED PROBABILITY MODELS WITH OPTIMIZATION 
APPLICATIONS (Holden Day, 1970). 
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Men, it is easily seen that N = max {n: S < 40,000}. In the renewal 
theory terminology, N corresponds to the number of renewals in the 
Mineerval' [0, 40,000]. Each time a lot arrives the lot will have a 
Ponting Error, a costing error, a joint error or no error, the outcome 
being random with the probabilities given earlier. 

The dollar value of the errors is the figure of interest. Let 


e. be the dollar value of the error for the ah ice. then 


- (0.1X,)(13.5) with probability (0.025) (0.99) = 0.02475 


= (13.5-6.5)X, Withepropaptlicy (C01) (0.975) = 0.00975 


ce; = 
: - 1.35X, - 7(.9X,) with probability (0.01) (0.025) = 0.00025 
0 with probability (1-0.0345 + 0.00025) 
= 0.96575 
lee x, -x} = — 1.35x(0.02475) - 7x(0.00975) - 7.65x(0.00025) 
= — (0.0334125 + 0.06825 + 0.0019125)x = - 0.103575x 

therefore, 

Blew) = E[Ele,/X,J] = E[- 0.103575x] = - 20.715 

Simidar ly 


Ele, “/X,-*] 1 UBS (O202475)+ on (O009 75) ea: sf eG (0.00025) 


a (0.5374874) 


so that var le, /X, = x] = i) UNO - 0.0107277x° = m6 7597 


and var [e.] = E[var(e,/X,)] Van (Efe, /X,]) 


E[0.5267597X,°] + Var (-0.103575X,) 
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2 


OS BVA? SiS) E[X, Wee. O07 27) var (X_) 


Hf 


U5 2607597 [var (X, ) a BX, J] a O.0107277 var (X,) 


I 


0.5374874 var (X,) + 0.5267597 B TX] 


SapeIZ962 + 2,070.366 = 21,406. 317 


ues ey 
maoeeene Standard deviation of the dollar value of the i lot error 





1s 146.309. 
The total dollar value of raw material error overali lots is given 
N 
by e = 2 ess and from renewal aay Ene Gistribution of N is 
i=] Z 
approximately normal with mean a 200 and variance : 
Lu 200 3 
u 
= 3.125 where t = 40,000. 
Therefore E[e] = E[E[e/N=n]] = - 20.715 E[N] = - 4,143 


Var (e) = Var (E[e/N]) + E[var(e/N) ] 
E[e/N] = - 20.715N 


Var (Ele/N]) = 429.11122 Var(N) = 1,340.9725 
n 

Var[e/N=n] = Var(€ = e.) =n Var (e.) 
‘i > E 


EE CANO) aC aD 


Ever (e/N)] = E[N]}(21,406.317) = 4,281,263.4 
Var(e) = 4,282,604.2 


SD(e) = 2,069.4454 % 2,069 


As above we have input error of raw material # 1 with mean dollar value 
~ $4,150 and standard deviation $ 2,069. Similarly we compute the 


Bieput error of raw material # 1 as follows: 


be D. R. Cox "RENEWAL THEORY" 
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here t = 33,600, E[X, ] = 150, and OX. = 35. 


15 (0.1X,) (13.5) with probability (0.015) (0.99) 


~ (7X. ) with probability (0.01) (0.985) 


HT 


e = + (1. 35x, ) - 7(1.1X, ) -- 6.35X, with probability 
(0.01) (0.015) 


0 otherwise 


Efe, /X, =x] = 1.35x (0.01485) - 7x (0.00985) -— 6.35x (0.00015) 
=O UG ICID Kk. 
Efe. ] Boe 0 -049655 E[X, ] Or 5 


Ele. /X, =x] = 0.0270641x" ate oo ersires ste 0.0060483x" = Te Bi awe 


Var[e,/X, =x] = QS = 0.0024855x" = 0.5132769%" 


i 


Var (e,) E[Var(e,/X,)] + var (Efe, /X,]) 


I 


B[0.5132769X,") sey a (-0.049855X. ) 


I 


0.5132769 BLX, “1 + 0.0024855 Var(X,) 


0.5132769 [Var(X,) + E°[X,1] + 0.0107277 Var (X,) 


0.5240046 Var (X, ) ee od oe 709 B°(X,) 


ti 


290 2625 


Dal 








sD(e,) = 110.4112 


_ 33,600 _ 
E[N] —<—is0 224 
2 
a(n) = - HE) O80 = 12,195545 
u (150) 

Ele] = - 7.47825 E{N] = - 1,675.128 
Var(e) = Var(E[e/N]) + E[Var(e/N) ] 

E[e/N] = - 7.47825N 

Var(Efe/N]) = 55.924223 Var(N) = 682.02637 


I 


Var(e/N =n) n Var (e,) = 12,190.635n 


E[Var (E/N) ] Pee Ore Oe. 2 


wemce) = 2,/31,384-2 
SD(e) = 1,652.6899 A 1,653 


Therefore, we have the output error of raw material # 1, with mean 
dollar value - $ 1,675 and standard deviation $ 1,653. The error effects 
on ending raw material # 1 are calculated by combining input error and 
output error. i.e., the mean value of error effect on ending raw 
material # 1 is the mean value of input error minus the mean value of 
output error =-4,150 + 1,675 = ~- 2,475 

The standard deviation of this error effect is (4,282,604.2 + 


2,731,384.2)2/* = 2,648.39 % 2,648. 
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A summary of errors of raw material # 1 is tabulated below. 


Errors of Raw Material # 1 





lee) 


2 
II 


1,653 


Q 
H 





= 2 4 


= 
IH] 


Q 
iH 


2,648 


In this way for the errors of raw material # 2. 


Errors of Raw Material # 2 


Py yns 


2,034 





Esa 


= 
iI 


3,042 


OQ 
II 


Where E(x. ) = 180 t 34,000 SD(X, ) = 30 for the input 


150 ft 


E(x, ) 33,000 SD(X, ) 35 for the output. 


correct price = 16.7 erroncous price = 8. 


Errors of Raw Material # 3 


= 
I 


Q 
IH 





~ 814 


to 
Il 


o = 2,446 


a 





Errors of Raw Material# 4 


We = jee Uo a WOOF 2,865 
o, = 2,140 om = WL isan 
at O 
yp = - 728 
o = 2,840 


Miestotal comined error of raw material #1, # 2, # 3, and # 4 at 902 


compliance level 


= Uo) SSeS: 


Q 
It 


D705 


At 90% compliance Jevel we have the results, 







aE 


COMPUTER SIMULATION MEAN VALUE METHOD STOCHASTIC MODEL 


~ 6,300 8 (66) 5,8, 


5 436 5,505 


The combined errors of the total inventories are computed by the Mean 


Value Method in Exhibit IIL. 





VII. SUMMARY AND CONCLUSION 


In Chapter V we computed the counting error of the Hee Kot. Weine 


Mean Value Method to be e, = ~ (0.025) (1.35) X, =f 1X, (0.01) =-0.10375X, 
as an approximation. 
In Chapter VI we computed 


os (0.025) (0.99) (1.35)X, eee AEC .9:7 5) IK, He eC 20>.) COM0Z5) «0. OM) 


= 0.103575X, as an exact way. Also, in Chapter V, we assumed 
that N was deterministic (not a random variable). That approximation is 
justifiable only when Var(N) is small enough that the random variable N 
is concentrated around it's mean value. 

In this particular problem, there is not much difference between 
the results of the two methods presented, but in using the Mean Value 
Method we should check to see if it is reasonable to treat N as deter- 
mMinistic and to approximate the joint error as we do. If the 
approximations are not reasonable, the Exact Method should be used. 

The advantages of using the Mean Value Method (when it is appropriate) 
are significant. 

(1) The method should be easily understood by an auditor who does 
not possess an extensive mathematical background. 

(2) In the accounting flow, especially in W.I.P. inventories, the 
accounting flows are so complex per se, that using the exact Stochastic 
Method could be very difficult and thus might be volnerable to computing 
errors. 

(3) The Mean Value Method is a good “quick and dirty'' Method that 


can serve the preliminary evaluation of internal control systems. It is 
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easily and practically usable by auditors who do not have extensive 
backgrounds in Computer Simulation and Probability Theory. 

The user must realize that use of the Mean Value Method as an 
approximation is valid only when the conditions mentioned earlier are 
satisfied. 

In this problem we initially assumed that the lot size x. is normally 
distributed, but in using the Stochastic Method the distribution was not 
necessary; all that was required was the mean and variance of X.. 

The information needed to use the Stochastic Method is summarized 
below: 


(1) Error Magnitude and Error Frequency 





(2) Hy and Oy (we do not need to know the distribution of X.) 
a 1 
2 
t x : 
foeein|] =— , Var (N)s 
u ~ S 
oe ee 


Where t is the budgeted number of units during the period, and N is 
approximately normal distribution. 

(These expressions for E[N] and Var[N] are approximations which will 
be very good provided t/y is large.) 

The statistical results computed in this chapter (at the 90% com- 
pliance level) offer objective bases for evaluating the raw materials 
subsystems as a whole, and the statistical results at variable feasible 
compliance levels furnish an objective, rational basis for establishing 
tolerable compliance levels. 

ive mean value of the total errors —- 6,338 calculated in Chapter VI 
show that 90% compliance with pertinent controls might assure accuracy in 
the December 3lst raw materials account to the degree of a $ 6,338 


understatement. This $ 6,338 figure is a mean error statistic; hence, 
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the auditor could gain further insight concerning the potential 
variability of the raw materials error at 904 compliance by using 
Mae standard deviation of §$ 5,500. 

By the Central Limit Theorem the total combined error figure is 
approximately normal distributed with the mean - 6,300, standard 
deviation 5,500. Therefore the auditor has 95.44% of confidence that 
the raw materials error would be somewhere between the precision limits 
of a $ 4,700 overstatement of the account and a $17,300 understatement 


Or the account. 


At the 90% Compliance level 








Lea Sarees ta = 


-17,300 -6,300 





+4, 700 


and at a 95% Compliance level (computer simulation results) 


7,450 

Grew auditor has 954 confidence intervals of - 3,150 + 20 = - $ 10,750 
eras 4,450. 

In this way, the auditor can decide the tolerable compliance level in his 
audit strategy and this procedure would be used in sampling to test 


pertinent raw materials controls. 


By, 





APPENDIX A 


SUMMARY DESCRIPTION OF BURNS’ ILLUSTRATIVE PROBLEM 


DESCREPTEON OR THE OPERATIONS 
AND THE INVENTORY ACCOUNTING AND CONTROL SYSTEM 
OF Tie He PoOrint fCAG FERM 
Deoontrt TON OF THE OPERATIONS OF THE HY POTHETICAL FTRM 
The firm is assumed to be engaged in the machining and sales 
of alloy-cast-iron pipe fittings. The firm produces a full line of 
over two thousand pipe fittings in various sizes and designs. The 
inventory model and audit tests performed in Chapter III will be con- 
cerned with four products from the firm's total line. The four pipe 
fittings are assumed to constitute one distinct product line of the 
mim. this line is sold, in large lots primarily to building con- 


tractors, the petroleum and chemical industry, and industrial equipment 


manufacturers. The four products selected are assumed to constitute 
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a material percentage of total annual sales volume. They are further 
assumed to be representative of the total product line of the firm for 
purposes of testing the inventory accounting system. A detailed cost 


build up of the four products is presented as Exhibit LI-l. 


DESCRIPTION OF THE RAW MATERIALS ACCOUNTING AND CONTROL SYSTEM 
Raw Materials Policies 

Ali raw materials are carried on the company's records at 
standard cost. At year end, the raw materials account is adjusted to 
the lower of standard cost or market. 

A perpetual inventory of raw material quantities on hand and on 
order is maintained by the production control department. This record 
is updated daily for raw material orders requisitioned, orders received 
from vendors and materials requisitioned into production. 

A physical inventory is taken each year on September 30. The 
perpetual and financial records are adjusted to the physical inventory. 
The company relies upon financial records to provide an accurate account 
of inventory transactions between September 30 and the December 31 year 


end. 


Raw Materials Accounting and Control Procedures 


Production control clerks review the raw material perpetual stock 
control records and production schedule each day. They prepare purchase 
order requisitions for raw materials. The size of an individual order 
depends upon many factors but rarely exceeds three hundred units. Com- 
pany policy is to maintain approximately a two month's supply of raw 
material on hand at all times. This policy safeguards against raw 


material shortage and supoly problems. 


ae 





ERIBiT fi-1 


UNIT PRODUCT COST 


Product 
Number 1 
birect Material 
| See 
| 
| Type of material RM. 1 
' Units required 1 
| Spoilage, scrap, shrinkage 0 
‘| Standard cost of material $13.5000 
fotal Direct Material/Unit §13.5000 
| 
Direct Labor 
| 
epartment I 
| Standard dir. lbr. hrs./ POO nr. 
unit 


Standard dir. lbr. rate $6.20/hr. 
Total standard dir. lbr. 


| charge SAG. 
| 
‘Department II 
Standard dir. lbr. hrs./ FOee lit. 
unit 


Standard dir. lbr. rate $5 .60/hr. 

Metal standard dir. libr. Se BAG 
charge 

Total Direct Labor/Unit ae 0 





Burden 


Department I 
Standard dir. lbr. hrs/unit .06 hr. 


Standard burden rate Sees laees 
fotal standard burden S SIE HO) 
charge 


Department II 


| Standard dir. lbr. hrs/ Oc ela 
| Tt 
Stendard burden rate SE Ue se aes 
Total standard burden S 230620 
charge 
Total Burden/Unit $ 258330 
Metal Unit Standard Cost S 16.9290 


BUILDUP 


Product 
Number 2 


RM. 2 

I 

0 
$16./000 
Se. 000 


O93 hr. 
SomzOy nr. 


S - 3980 


2OlG’ WE. 


SSmlelayeobes 
S ~ 2360 


S 8940 


pe hz « 
SILZ Gieley lobar 
S leked bowers: 


POO unr . 


smo 5/hr. 
S 0) 210) 


$ 4.2495 
S 21.8435 
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Product Product 
Number 3 Number 4 
R.M. 3 ay ee 
1 1 
0 0 
SG. 2000 S 8.000 
S 6.5000 S 8.000 
50a Nr. .06 hr. 
S6.20n Hr. See Oy lia. 
$2480 § 3720 
»0O4 hace 207 hx. 
SDeAtoleelabe - SECO Les 
S 22) Ss ~2920 
S EE FAG VS 7/640 
SIE |svee FOGai 2. 
$11.40/hr. $11.40/hr. 
5 ASTRO) IS 6840 
ZO4 TINS . S09 ents 
STAGE OS) Cai SAO OE. 
S i47620°5 32065) 
S_ ya) 8) S SIA Talia) 
S o 1900 S 1225515 


— eens 
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Purchase order requisitions are prepared on a standardized two- 
copy form. The original copy is forwarded to the purchasing department 
and the second copy is filed in production control in a temporary-hold 
file. (See Figure II-1) 

The purchasing agents prepare the purchase orders from the purchase 
requisitions. A separate purchase order is prepared for each raw mate- 
rial order. The agent obtains standard material prices from the stand- 
ard cost file maintained in the cost accounting department. The pur- 
chasing agent extends the purchase order and forwards it to a clerk who 
distributes the individual copies of the form and prepares the vendor 
copy for mailing. (See Figure II-1) 

The purchase order is a six~copy form. The original copy is 
the vendor copy. The second copy is the accounts payable copy. The 
third copy is forwarded to production control where it serves as an 
open order file and is matched with the purchase requisition to con- 
firm the order. The fourth copy of the purchase order is the re- 
ceiving department copy. This copy is maintained by the receiving 
department and compared with the shipment when the order arrives. The 
fifth and sixth copies of the purchase order are filed in the pur- 
chasing department. The fifth copy is filed alphabetically by vendor. 
The sixth copy is filed in numerical sequence. 

The orders shipped by the vendor foundries often vary slightly 
from the quantities stated on the purchase order. Vendor foundries 
produce the alloy castings especially for the company in accordance 
with rigid specifications. Vendors often experience considerable vari- 
ation in production yields and have thus obtained permission from the 


company to ship all good castings produced, If quantities produced 
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by the foundries vary by a material amount from quantities ordered by 
the company, however, the vendor foundry is expected to contact the com- 
pany for special permission to ship. If shipment is permitted, the pur- 
chasing agent contacts the receiving department and the receiving copy 
of the purchase order is changed to reflect the special circumstances. 

Receiving department personnel inspect and weigh-count all in- 
coming raw material shipments. All local vendors make delivery via 
their own trucks. The exact quantity received for each shipment is 
determined by the receiving department personnel and the vendor com- 
Bey omeruck driver at the time of delivery. The procedure has been 
agreed upon and followed by the company and its vendors for many years. 
All orders are shipped to the company in large wooden boxes supplied by 
the vendor. These boxes accompany the castings throughout the manu- 
facturing process up to the point of transfers of completed castings 
to finished goods inventory. After castings are transferred to finished 
goods the boxes are returned to raw materials stores and are then picked 
up by the vendors! truck drivers from time to time. 

Receiving department personnel prepare a six-copy, pre-numbered, 
receiving form for each order received. (See Figure II-1) Receiving 
forms are prepared chronologically in numberical sequence. The following 
data are entered upon the six-copy receiving form: 

1. Name of vendor 

2. Purchase order reference number 

3. Quantity ordered 

4. Quantity received 

5. Description of item 

6. Part number of item 


ee Date 
Ge 





Ge Signature ot checker 

9. Signature of truck driver 

10. Date signed by truck driver 

The original number one copy of the receiving form is the accounts 
payable copy. The second copy is forwarded to production control for 
posting to the perpetual stock control records. The third copy of the 
receiving form is forwarded to the purchasing agent to confirm receipt 
of the order. The fourth copy of the receiving form is placed in a 
clear-plastic envelope and attached to the box containing the order. 
The fifth and sixth copy of the receiving form are filed in the receiving 
department. The fifth copy is filed alphabetically by vendor. The 
sixth copy is filed in numerical sequence. 

After receiving and inspection are completed the raw material 
orders are moved to the raw materials storage area where they are 
stored until use. Orders are stored in their wooden shipping boxes 
in the raw materials storage area, 

Accounts payable clerks match vendors! invoices with receiving 
reports, vendors! shippers, and the purchase order and voucher the 
invoice for payment. Standard costs noted on the purchase order are- 
used in the vouchering operation. Inventory is charged at standard 
Cost extended by the quantity actually received. Purchase price vari- 
ances are recorded in an appropriate price variance account. Problems 
arising from a disagreement between the quantity of material received 
and quantity billed are charged or credited to detailed unsettled 
claims accounts at actual price. Claims are cleared by the purchasing 
department. 


Production orders are issued to the foreman of the department 
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performing the first operation on the product. Orders are scheduled 

by production control one month in advance and released to foreman 

a week before production is scheduled to begin. Individual production 
orders vary from approximately 50 units to 250 units in size but average 
about one hundred fifty units. Orders larger than two hundred fifty 
units are rarely scheduled as they produce material handling problems 

on the shop floor. 

The company's production order is a pre-numbered, two~copy form 

(See Figure II-2) All copies of the form provide spaces for the fol- 
lowing informations: 

1, Product part number 

me Product description 

3. Suggested number to be produced 

4. Date production is to start 

9. Date production is to be completed 

6. Copy one oniy; four spaces are provided for the machine 
operator's employee number and the good castings pro- 
duced. 

7. Copy one only; a space is provided for the weigh-counter 
bomnecond the quantity of good castings transferred to 
finished goods. A space is also provided for the weigh— 
counter's signature which specifies that the previous 
prceduction count agrees closely with the weigh-count 
check, 

The original number one copy of the production order is the shop 

copy. The second copy of the production order is filed in numerical 


sequence, by production order number, in the production control 
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department. The production order number and suggested production quan- 
Bemveis cross referenced to the perpetual stock control records, 

The foreman of the department involved in the first operation 
on the product distributes the production orders to available operators 
in his department. At the time of distribution, the foreman and machine 
operator decide, in the light of the current shop-load situation, and 
the suggested production control quantity, the exact quantity of raw 
castings to requisition and machine. When the requisitioned materials 
arrive, the operator attaches the production order to the box which 
contains the raw castings. This box is used to move the castings 
throughout the shop up to the time the castings are transferred into 
the finished goods inventory. Each time a machine operator completes 
an order, he places his employee number and the quantity of good cast- 
ings produced on the appropriate space of the production order form. 
Production orders are not split, but are maintained in tact throughout the 
production process. 

Foremen of departments other than those involved in the first 
operation of a product are made aware of the status of the shop and 
incoming orders by a status report prepared by the production control 
department every other day. 

The company does not maintain tight security over the raw materials 
Storage area. There is no stores clerk and several raw materials hand- 
lers have access to the area at all times. Company rules specify that 
raw material storage is to be considered “off limits" for machine opera- 
MM eonat all times, It is doubtful that the policy is very effective 
as no security fence or other protection devices have been installed. 


A machine operator can requisition raw materials by preparing 





a material requisition obtained from his department foreman, (See 
Figure II-2) The raw material requisition is a three-copy, pre-numbered 
form. It contains spaces for the following information: 

1. Type of material requisitioned 

2. Quantity requisitioned 

3. Quantity of good castings produced 

4&. Production order number 

5. Date 

6. Signature of employee 

7. Signature of foreman 

8. Signature of material handler 

The operator completes the three-copy requisition for all of 
the above information except the quantity of good castings produced, 
Signature of the foreman, and the signature of the material handler, 
After completing the form with the above information, the operator 
obtains the approval of the foreman. Upon obtaining approval, he presents 
the third copy of the requisition to a raw material handler who locates 
the material and moves it to the proper machine location, The machine 
Operator checks the material located by the material handler for pro- 
priety. If agreement is reached between the material handler and the 
machine operator, the material handler signs all three copies of the mate- 
Yial requisition and forwards the third copy to production control. 
Meecuction control updates the perpetual stock control records for the 
raw material requisition and files the third copy of the requisition 
by production order. 

If the machine operator completes the production order by the 


end of the day, he completes the original and second copy of the form 
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by filling in the actual quantity of good castings produced. He then 
places both copies of the form in a hopper in the foreman's office. 
If the machine operator does not complete the production order on the 
same day the material is requisitioned, he holds the first and second 
copy of the requisition form until the job is completed. When the produc- 
tion order is complete he fills in the actual production count and disposes 
of the form in the same manner previously described. 

The foreman reviews the material requisition placed in a hopper 
by the machine operators. His review includes a reasonableness scan 
of all information included on the form and a verification of the recorded 
production count. The foreman signifies that he has completed his re- 
view by initialing the second copy of the form. He then files the num- 
ber two copy in numerical sequence, by material requisition number, 

The original copies of the material requisitions are collected 
each morning by a cost accounting clerk. Cost accounting personnel 
apply predetermined material cost and quantity standards to the requisi- 
tions using the standard cost file. Each day the cost accounting per- 
sonnel batch the costed requisitions by department and file them until 
the end of the weekly reporting period. At the end of the reporting 
period the weekly production report and raw material journal entry are 
prepared from the batches of requisitions processed during the week. 
The raw materials account is credited at standard cost for the actual 


quantity of materials requisitioned. 


DESCRIPTION OF THE WORK-IN-PROCESS ACCOUNTING AND CONTROL SYSTEM 
Work-In-Process Policies 
All work in process is carried on the company's records at 


standard cost. A perpetual inventory of the approximate aumber of 
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units-in-process is maintained by the production control department. 
Company policy is to cease the production of new orders Eon “Oe 
or two days prior to the September 30 physical inventory. This policy 
permits the producing departments to complete all units in peocess up 

to the point of transfer into finished goods. All completed units not 
physically transferred into finished goods at year end are physically 
counted and transferred by journal entry to the finished goods inventory 
account. Perpetual stock control records are adjusted to the physical 


count. 


Work-In-Process Accounting and Control. Procedures 

All raw materials enter the production process at the beginning 
of the first productive operation. Accounting and control of raw mate- 
rials is discussed in the raw materials section. 

Direct labor and burden are applied to work-in-process inventory 
at standard cost for good units produced. Physical direct labor hour 
standards have been established by time~study and necessarily differ 
according to the product produced. Direct labor rates vary among the 
producing departments. A cost build up of the four products is pre- 
sented as Exhibit II-l. 

Indirect labor is charged to overhead along with other manufac- 
turing expenses. Overhead is applied to inventory on Ene woacis Of pues 
determined rates per standard direct labor hour charged to inventory. 
Burden rates vary depending upon the producing department and the pro- 
duct produced. 

Machine operator's labor is handled as direct labor and charged 
directly to the respective departments. Labor efficiency and rate vari- 


ances are calculated by operating department and summarized on the weekly 
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operating report. 

Attendance timekeeping is supervised by the cost accounting de- 
partment. All factory employees, except supervisory employees, are 
issued an employee number and are required to clock in and out of the 
Meant, A cost accounting clerk supervises the time clock procedure 
and delivers the clock cards to the payroll department each morning 
after the clock-in procedure is completed. 

Piant production timekeeping is also supervised by the cost 
mecounting department. Direct labor is reported on job time tickets, 
which are maintained and prepared by the direct labor employees. Ma- 
chine operators are the only employees reporting on a direct labor basis. 
The company's job time ticket is a three~copy form. (See Figure II-3) 
The form is designed to include spaces for filling in the following infor- 
mations: 

1. Employee number (the employee number includes a depart- 

ment number prefix) 

2. Job ticket number 

3. Time production on the order was started 

4, Time production on the order was stopped 

3S. Total hours worked on the production order 

6. Product part number 

7. Operation number 

8. Good pieces completed 

9, Foreman's signature 

10. Appropriate spaces for payroll‘tand cost accounting compu- 

tations 


The job ticket number is always the same as tho production 
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order number. Multiple production orders cannot be reported on the 
same job time ticket. Some production orders, however, require more 
than one day to complete. In such cases multiple job tickets are pre- 
pared for the production order. When a production order is begun during 
a given day and not completed by quitting time, a job time ticket is 
prepared at the end of the day. An "I" is placed after the job ticket 
number to signify that the production order is incomplete. Subsequent 
Moomidiie tickets applying to this production order are distinguished 
by placing a dash after the job ticket number. The dash is followed 
Pyeemareit which indicates the number of the job time tickets which 
have been filed on that particular production order. The last ticket 
of a series applying to a given production order is distinguished by 

a circle on the job ticket number. 

Machine operators prepare a job time ticket for each production 
order they complete or for production completed on an order they are 
working on at the niece of the day. The machine operator completes 
the form for the information included in points one, through eight of 
Eaewepove jOb time ticket description. The operator places the com- 
pleted form in a hopper located on the foreman's desk, The foreman 
reviews the job time ticket for propriety and reviews the production 
count for reasonableness. The foreman signs the job ticket if he finds 
no exceptions. During the morning of the next business day, a clerk 
from cost accounting collects the authorized forms from the various 
e@epartment. Tormen and delivers them to the payroll department for pro- 
cessing. 

The payroli department sorts the time tickets by employee and 


compares the total time charged by each employee to the total time noted 
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on the employee's clock card. Idle time is isolated. Then incentive 
earnings are computed and noted on each copy of the three copy job time 
ticket. The payroll clerk separates the third copy of the job time 
ticket form from the original and second copy. The top two copies are 
forwarded to cost accounting for further processing. The payroll depart- 
ment batches the third copy of the job time ticket by employee number. 
Total days earnings and idle time are noted on each batch of job tickets 
for future use in preparing the factory payroll. Control tapes of total 
earnings and idle time by department are prepared and used to reconcile 
to the daily labor distribution worksheet prepared by the cost accounting 
department. 

Cost accounting clerks cost the job tickets for direct labor and 
burden by referencing the standard cost file. 

otandards and extended charges and variances are noted on both 
the number one and number two copy of the job time ticket. The daily 
labor and burden distribution worksheet is updated after all the previous 
days job time tickets have been costed. Labor figures appearing on the 
distribution are reconciled to the daily labor control tape, prepared 
by the payroll department. At the end of the weekly reporting period, 
a weekly labor and burden distribution is prepared from the daily work-~ 
Sheet. The weekly distribution is reconciled to payroll department con- 
trols and forwarded to general accounting for posting to the financial 
Records. 

The original number one copy of the job ticket is sorted by de- 
partment and filed by day. The number two copy is filed by job number. 
All number two copies applying to incomplete production orders are filed 


by job ticket number in a temporary file. 
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DESCRIPTION OF FINISWED GOODS TRANSFERS ACCOUNTING AND CONTROL SYSTEM 
PeeerCl ES AND PROCEDURES 


After all operations have been completed on a production order, 
material handlers move the order to the weigh station located near the 
finished goods storage area. All production orders must be weigh- 
counted before transfer to finished goods. The weigh-count serves as 
a control over production reporting. 

The material handler conducting the weigh-count operation veri- 
fies the production count on the production order attached to the wooden 
box containing the finished castings. If the weigh-count differs mate- 
rially from the production count, the material handler conducting the 
Welgh=-count prepares an exception notice which he attaches to the pro- 
duction order. The production order and the attached exception notice 
are then transferred to production control and the order is set aside 
until the actual count is ascertained. (See Figure II-4) If no mate- 
rial exception arises as a result of the weigh-count, the material 
handler signs the production report, dates it, and forwards it to pro- 
duction control. Production control updates the perpetual stock con- 
trol records by subtracting the production order transferred from the work- 
in-process file, at the original suggested quantity, and by adding the 
actual quantity transferred to the finished goods stock control record. 
All entries to the unit stock control records are cross-referenced to 
production order numbers, 

If an exception notice accompanies the production order, the ex- 
ception is investigated and resolved before the perpetual records are 
updated. Employees from production control act as mediators between 
production foremen, operators, and the employee operating the weigh- 
seat? OR 11 resolving exception notices. The perpetual file is updated 
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for resolved correction notices in the same manner described for approved 
finished goods transfers. 

After the perpetual records have been updated, production control 
Stamps the production order and correction notices “transferred" and 
forwards them to the cost accounting department. Cost accounting per- 
sonnel cost the transfer and prepare a daily transfer worksheet which 
recaps the day's transfers and exception notices processed. At the end 
of the weekly reporting period the worksheet is used to prepare the weekly 
finished goods inventory transfer journal entry. This entry is forwarded 


to general accounting for posting to the financial records. 
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EXHIBIT II-6 


THE MEANS AND STANDARD DEVIATIONS OF THE 


NORMAL DISTRIBUTIONS USED FOR THE RAW 


MATERIAL SHIPMENT AND UNITS PRODUCED ON A 


PRODUCTION ORDER 


GENERATORS 
Standard 
Mean Deviation 

Raw Material Shipments: 

Raw Material Number 1 200 ; 25 

Raw Material Number 2 180 30 

Raw Material Number 3 200 25 

Raw Material Number 4 180 30 
Units Produced Onleaeeroduction Order: 

Product Number l 150 iS Ba 

Product Number 2 150 35 

Product Number 3 150 35 

Product Number 4 150 Se 
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EXHIBIT II-8 


| STANDARDS FOR PRODUCTION COSTING: CORRECT AND ERRONEOUS 


jirect Material 


Mmemmect dir. material std. 


merponeous dir. material std. 


Jirect Labor 


mommect std. dir. ibr. 
igen unit in Dept. I 


Preoneous std. dir. lbr. 
frs./unit in Dept. I 


morprect std. dir. lbr. 
Pecey unit in Dept. IT 


Erroneous std. dir. Ibr. 
fee Unit in Dept. II 
| morrcect std. dir. lbr. 
| eeieewin Dept. L 


mee Erroneous std. dir. libr. 
rate Number I in Dept. I 


meroneous std. dir. Ibr. 
rate Number II in Dept. I 
We ee 


Memmect Std. dir. rate 


mepept. LI 


liege lobe A 
feline Vept.s ut 


Erroneous std, 
rate Number 


alley aiebens 
Pie Dept. £ 


Erroneous std. 
rate Number 





Produce 
Number l 
Sesh SOLOS, 
$ 6.5000 
06 
04 
04 
04 
$ 6a20 
S 6.00 
$ 5.60 
$ 5.00 
S$ 5.40 


S Ge. 20 
a 


Product 
Number 2 
$16.7000 
6.000 
ALO, 
.06 
.06 
07) 
Seo. 20) 
SS 5.2)8 
$ 5.60 
ome 00 
$ 5.40 
64.20 


This Exhibit is continued on the next page. 
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Product 
Number 3 
$ 6.5000 
oo. 2000 
04 
06 
04 
04 
$ 6.20 
$ 6.00 
$ E188, 
$ D200) 
$ ».40 
$ 6.20 


Produce t 
Number 4 
. ee 
$16.7000 
06 
09 
.O/ 
06 
S 6.20 
S 6.00 
$ 500 
$ 5.60 
: 5.40 
S Ge 20 








| Product Product 
Number 1 Number 2 
¢ Labor (Continued 
Mrect std. dir. lbr. § .5960 $ .8940 
ost/unit 
e1joneous ped. dir. lbr. S$ 4720 S§ .7640 
_ 
Be ect std. burden rates S ime. onl 2. Oo 
for Dept. I; in dollars/ 
std. dir. lbr. hr. 
Froneous std. burden rates S 11240 95. 11.40 
Br Dept. I; in dollars/ 
Med. dir. lbr. hr. 
rect std. burden rates S Sia es cot Nis. 
Mior Dept I1; in dollars/ 
Mead, dir. lbr. hr. 
Eroneous std. burden rates $ HOS) Se Os: 
Mior Dept. II; in dollars/ 
Mea. dir. br. hr. 
Grrect std. burden cost/ § 2.8330 $ 4.2495 
unit 
Froneous std. burden CM? C0 2 7 07> 
cost/unit 
Ml Unit Standard Cost 
———_ °° 
“orrect unit std. cost $ 16.9290 $21.8435 
Trroneous unit std. cost Sy IRIE O18, Sa oo, 





EXHIBIT II-8 (Continued) 


I) STANDARDS FOR PRODUCTION COSTING; CORRECT 
7 


S7 


AND ERRONEOUS 


Product 


Number 3 


See 20 


§  .5960 


§$ 11.40 


St 265 


$§ 44.05 


ese, 


Sabo) 


RIG s1a10 18. 


SPAS LON, 


$16.9290 


Product 


Number 4 


S$ ./7640 


S$  .8940 


§ 11.40 


SZ cD 


$§ 44.05 


S ob.» 


SS) el 8. 


$ 4.2495 


S242 513 


$21 .8435 





EXHIBIT IlI-1 
FREQUENCY OF THE OCCURRENCE OF THE ERRORS 
DISCLOSED BY THE AUDIT 


Per Author's Audit 
Per System Per Author's Rounded for the — 
Reference Simulation Audit Work Audit Simulation 


Number* Model Papers Model 


be Frequency of occurrence 
of error in receiving 
and inspection count 
operation 25.0% 23.9% 24.0% 


2. Frequency of occurrence 
of error in applying 
std material price to 
shipments vouchered 10.0% 8.8% a Oi 


3. Frequency of occurrence 
of error in reporting 
PEOdUcCCLION cOUntE in 
Department IL 1Peyl Oe 13 oe 13507 


4. Frequency of occurrence 
of error in reporting 
production count in 
Department II 8.0% Seo 0 fs 


5. Frequency of occurrence 
Of error in applying 
Sededir., Libr. hu. and 
burden rates to job 
time tickets 8.0% Sree 7.0% 


6. Frequency of occurrence 
of error in applying 
Git. br. rates to 
job time tickets OO 1D eels 10.0% 


7. Frequency of occurrence 
oLeerror in applying 
stds. to material 
requisitions processed 10.0% Kee ys 172.07; 


*Reference number refers to the type of error and cross-references 
to Exhibit III-2 which presents the type of each error referenced 
eaerxhibic Lil-1. 
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EXHIBIT III-1 (Continued) 


8. Frequency of occurrence 
of weight~count 
correction 21 units+ 21 unitst+ 21 units+ 


9. Frequency of occurrence 
of error in applying 
stds to production 
orders transferred 8.0% 9.67% 10 .0% 
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APPENDIX B 
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_ PROGRAM FOR RAW MATERIAL 


we-m: 


PREM > d SHC 


- 


- ht i shy 


~_—-- oe ee . 


aS 


~< 


a 


ee ee oe ree ee Se ee ee et eee 8 eee ree 


a ee a a ee - 
a 
; ae es ee ee Pee 
=teus 
ee CT 


Sa 


- Ae 





: ot NS sf ~ ; : 
| | . | | | | ene "ae ¢° | zs jt 
{ ' ; ! 1 | f ~ — | al <) f : 
| . | : gra ~N 2 a | 
| | ' eas pp. “ a 
: t : | i : | | ' i \ nee G a oat : 
: |! | : : | 7 : : ! eae foes an ee 
: 2 ie eye Sage ee 7 te A | 
; i | | ' | to ~ < | H (v; “y ' ' | 
| : | | Meant? eo ~ xy 
: | | Of eet _ ~ ~ 
i ’ ' Tine Vesa cal = = 
; t ; : i | | ; ~ | es 
' : ; | : i ol oer : oe = x 
: | | : ! : hh Ls I- 2. V : | 
; * 4 — A 
| i oi | i eee ae 
| | | | | | | | | [pie eae: : ne | | | 
{ : a i t | : | \ hee ore — = : Vy : t ‘ 
! t | i CA} t ! { tis Oee ee CG i- ¥» | "if 1 | 
i i ‘ f } i ai a l 
{ | | ; “o ‘ , hee Ea a | " ! 
| i x ‘ | ern cee t i : 
| ie | | fam | ! | caer ere Se es (a | 
put | | ; { 3: ) tee et * t! 
| ee ‘ ' : ig oa 1 ' ; | | a a x . | 
| ci op tf | PSR G po | BRE BL Ep tot 
| a cra | | iINCiR oF x | Hi ; = 
| oe i eee a oe | 
-- OJ f- Jo ' ‘ it -~ os C i= { cette, | ; ‘ 
| Poa tC) | { Cy | WOR Ne oe Lae pal j x © > | -_— 
| es ao pee ES ee = ee | an ot 
| ( Clee { a ed ; : OS ey I pe oe oy ° 
| | 2 ' | (eee! i | ee ee ; +. “ a 
ee eo ee ee Chie ee ie eee we) 
| Pass : ey | : te ee a ONG Ne 3 OS 
| did uA 4 | a Oe { | “oe 3. tees a ° - ' {= ' 
! oe | } | oa ne ac ee ae | eS 
_ ~ | hey : | Cs ae AL e's alr | = Sp! 
! 1x fe | | oe Py ee ee rosa -3 | ms 
} ye. 2 eee | ; Oo + Sr ae BY ~ a <{ ~ i 
| nn a | | S70 : ed ee ces i > ) mi 
OS age | esas : See ee ce SH i 2 “Le, > 
= ie ! : | cus | DSc lining So ee eee , 2 
Sar | > ew @ — {ge am Ol ei em eee eae | <! eee 5 
= ee I ated } mos ec Se ee oe ee oo Be 
7 | elo ru | ae ae | | ie ea oes ae <c o ? oe 
= RG he ees Orie ce aia R ENAG fe fete > t eer an ares a 
—_ i ea) } Cape Sirs aren So ae | ) Soe ac ee) ee era « eof C <5 —— pr ae: 
Wer oe oar ee iat Ee, oSN~ C Gas CS ee meee SC vane he lle 
aay Te ees eee ie ee Oe Ae en eo ot Sn ee a ce 
oo OAS) a | nee a eee eee Rip owe! ae ~ > ' 
oor Ry ei tiene ONT Cee Coc Re ee hee ae ee Ge ee as 
ne E25 Te ee Ts ee St et pee GS yee Cle om Ye | 
ie yom ; 2. Ut mw mw em. mes | ihe oe fd ey Ie (OE CO = Ch guage ote ae > ~ or it} of «r' Lye Crea 7% See aati : 
er (ye lee ee Ge yer Ge Ce adits sas cued Rea es Mee oe 5 oe 
Li -B ers eb RC bP EP RRL. ILS eye m8 Se CIR eNO FUSS Oe - | 
amity : ee a is i Se ‘on aan ae Dee re Ce 3° i SG b -s a ee hae {- in 7 ae EO ates we (OJ coe om *- NT ee ene am an >” F 
< wt 2. Beet t MU te St as EN ere Ae oe titan ged ey Ch a ON OR PN ee 
(treed PAGO ON Oe Vie ce hcg gs Oe Ory eo ees > <i yaw 4 SiO OL Ole = eee 
mf Tf oe tet | Pn o> eee he eS Re COG Ge ea MT i Ga | a | | a EG a COL i. See La ae CAO De eee | 
vrai Sh eit Pie ree | NC Ce ease ete Wh Niort ied hee 7) ta ws af en ed CD oll Seal andl oA SOOT ad 
Cte es aE i ee ngs ean WR Kl ‘ Stet lt ee ae 
Li! ja if if toe Oe A SS arte 0 Ce ot) Nh es Cie eA oe es ti eer et ot en ok OO BD i one Keel ened Sa 18 OR a a 


we <1 ob a0 a ee CL CLO UIUe Cr Af CO re Ean ca O> ea La Panett Lea a< 2G eae as 
eT) Se xg LU UL TS tet tet OG er Fe POG eG se ews C NT eee oO Lil te Th oe 











Cures Peru oa wat Hod pe See onc Ki <i<(<J me ee Miu = fea ZU 9 Bf SK <I EE Sos 
: rt OJ oi 
| | aan ) | | | | ' | Tom ae Of ot rm POs | 
ct | i | | | fo. Wy = 1O2 | 7 
1 ‘ ( : : 4 ) , 
= | | a —S—S——<—<—— — 
ai | | | | | | EE —— == 
—— | ! | - ——————— <x —_— | 
{ . a ] ' : ae =r Le | — | | 4 = 








PROGRAM FOR TOTAL INVENTORY 


$ JOB 


MsQFQOUT sQMIN,QMOUT,CFIN, CFOUT,LHF eL RF eOHF,QF22 QM2 


5) ePRO(5),PER(5) 


WIO SN 


, 


fon) 


— ee ee ee ee ee ee - ~~ eee 
—— 
oe ee ee — - — eo -— 


ee eee 


er em -_—- -- 
- 
oot ee cet ey ee we ms oe 


© 


© GOO ii 


te ee 


tot ioc iecatolok tototoi ie dol tol ictciote doko kokokok ik sek ak de ktok tok tok ef 


—t > 


LVF om we b- & mt be 


HOOCH HOLE a oll <f 
WH ht CLto>D nos bt & Ke 
SAE ASP OP ALOMAR REO MLE CROMCh EE EMCO Z DEC WHWKL AN NUS ONE RU OIE FER mC 
—UWWOIG tO >r- > RSE EwWOL ONO Co MUNI OW KKK KS WW es Oe eer oe OX Ws ee KI KI OL la We 
ep amaiin: eile SUS Oe aches lore ae SN ee LO 


tr 


“ 
oO 


Oo MMs 


Oo 


ext 


| ! | | | | 

| ) | | | : . | | : | ! | 
= : | | Pe 
N ‘ | t : ' i ; t i — 
Ss ee | apt PP Sis s 7 | 
ee | . | | ! | | i OO 
ee | | | | i toed 
uy , | : | 1 ow 
“ . | | : ia os 
o~ : ; : : ~s 
oy ; : la | ' Le 
a | | Se ; ep) 
| ‘ ‘ + i a 
3a) | y i j mm | 3 { | i me 
" Oo ; | i ! \ e | i = 

‘ } ; ; 1 t : j { t 
N } ‘ Ni Ge: | ay 
on ne Dee on en ee s 
oo ; + 7 | Ai i | + 
a | | ! - | =o i= 
Lu i | , \ @ ! ; —! & { | ) 
~ } : : a ee | | i Co | ! C 
aga ! | th | ; ee ee 
a 7 | | ( EN 1% | 1 ow 
oY | ! 7 i o=s PIN) | — 
a ) | | = ! 1 >< | | ar.’ 

A $ i : { 
ce ee Oo | oa all | = 
a ee ; ; NE oad t [mm | ' | Ce 
mo oy) PO 4 | ; 
Cas aes! | AS | ome ~ t > 
~~ | | ; te a; J ~ | rN 
=< | He | tm - fee iM 
Cl mt | Jk | a. | | x 
US oo aa : ee! ee es ; | ~ 
~ _} { ‘ —_C) ; j 7k ee ° e 
= y) : et xX N. © l o 
pp rag m_ . | : 7 <=) | | ae a 
WON +e { bmw fe : ati: Nm | NI 
~ el Ne | 1 mN , owl See fez ss 
Cru Ww mail LL | + 3 | = tn AN Fe WHAaAINEE 
of —O = 0. N-~ m Got =e SS eae oe i 
ee (eae ae : t+ oe (oe ON ota) oe eS 
Ro er ee Lj UL be 4% © = | CY ANS ~K~NY ~~ KUNNN+w~ 
Cm Sissy ees ee a ale ee ON Bn co 
ea gree Ue K Cot Cs ey ef- Pr ONAN Were NO Na RAINNE OO 
SCJ ees gous C a ~~ On Ht Mt Fo OMAN He NAN RLS 
Zz PNAIAF etCWrHicO Oo Ne. Hepes Seams fone es COk TT Baellae wae F 
OL e Leth tamskta kF NIN OTUM LAr Gk. Joa Ce Se 
(Ose ad | eer Ca Cam} CG gee): a ee) NC fe Ph JCI WI CIO IU N wef VIL LLU 8 
SUNIL jeer 650) © eae oS NAH NNON TE Ot fb ONS ~~~ br O 
OQtle ef -C—-O2 1 CO 2 Dez} wo ee te ee AOS 2 ee 


UN mH MRL RO SUI LR Oe OY ~~ LIe mt ee TOT ON met INI ON 
~ a Gs See a O27 Waswee SCR SOY) Det «ewes + eS ee 
Q OVC ome Nee NN CIE OE Lt BHO CISE OD Se SL Oo Ins CHI OO WHA DO LIL Lj oes 
Vs OY, ULI OLUGE- UD HOE LCR UL mee me OO HIN ee ew OR Se NAME OE 
eee ell ee ee ee ty pa ee CI Ce ee ee 
MLONIG el (LINN 270) + DSC KH UVOU}- ORR OH E FF ON © CT LimN 6 6 8 Ome 
OD OS TE eh st CO et CF tt ete x KE OO KOI +e 1 OI eDKR OCD DCH- COOH SG S- OTOOw~ we 
om oi fF CS Oe UI HCO KURU KO) 1H DWOO MOO ONININ & MNDMNMNW + we 
WR UN Fame HS OU HR Re EO NWOT TH HR RR NNO OUNE HK FE Citi ds tC HAH He KY 
we time orteer tte HRS Dike bk Cn ith a PFOA NOY IO Hit Se aie ty th A lie 
OMOAS HK SDDSZ De HOOVZ DSN RFRAZDMSCON ZH Wet hp mw TORK ANMS Io 


"o | 
a) on | | : | : : i 
! . | , ! : | | j 
| . j | ; i ! ; : 


— — © ewes s+ Wem® - ee Se ee we 


om - 


theses 9 3 ---—-—-- 


_— + oc —_— ~ ce 


- 


roevini=2 10. 
t 


SQEIRFHEL+REL 


og e | 











; | i 
. . C) 
+ ‘ ‘ | } } . x 
2 | , . | | | | | , fo 
one | | ‘ | 3 | hm |! 
bd : | . [ = ; “ , f 
© i : ‘ | = : , OO | 
rt | | i ( 0) : — 
No | a oe . 3 a ae ae eee | 
™ ; ce i ' - 
~ | | ' | : ' | o = 
ns | | | (Qan ~ 
= } ; | ) ; | mi | o i 
O | ! | | ; : | | | | ns j : ! a | | 
ca : | | | : ; Hc | © ! | 
# : : . | | | } | | | | ! , | is | Om. . | 
NM : | ! | H ' at | mm A : ‘ 
= | 7 | : | ! | ! ! ! ey wo 4 ) 
| O 2 fe ee Vasc ee on: 
a | : | | | : i | : . | | | : ee a : 
: cz | : | | | j { : ‘ ea ‘ aes | te | 
Tr 4 an | es i ‘ ~ } WwW 
{ Os! | % + | i a i “vi x 
a es a a ae Se Seo eee me eo. Be | oR Ss PG 
i { tt ! -_ i — | : ' 1 | ! | | my? } H Pa —_ A ; 
| i . | : oa | ] We | Cc - | 
1 fe ee: oe ae fs. + 3 eS ore ae Paws. > 
—. ~ i os i | SS Se ee ee ! OG. TONE ae 
; i | N eo ! oa | | raat sae i- : i 
Ni ! Be > | | 1 | N : } i ; ' <4 ~- «= ! i 
ee Bere i N 4 AW | : ae ! ! | | | oe : es 
i BG si) | = ze : 7 | : | | : ON | ! = Je tei ) : 
af ae ee b- | ! | a | | | | | . nee , | Om | | | 
Cw | -4 = | = | ! | | | t- « | | = om oa ) 
ae C S ! ae | | | Chet a | > 
a = rs 1 . 3 i cate y>~ OI ' ' Or 
~ O+ mA +} Gaeee : | : Jn | | | au | ie © | | 
—~ XN RET ON aan | = i a 3 Ee 0) 220 ee 
AAR Cras mC} ££ on THK eA >< , = cary 6 een. j 
eee te Sas Coe. Sa NS : | | ae | St a. | | . 
rea et ENS ere FY je eee , , | ? | Ie! DCE" TEN | 
OWA e TUT eats Oe een O ee ee Ya | a fe ee a ee Qit- ow | 
RESTO eNO AAO e m2 OC ee | : | Nea Se 1 pe | 
mee Si (Oe TT Or Treo} ' Cv WwW #4 ¢ % ae ! = eae is | : 
SDLMIN BLIUIINRLOON TEN 6 Poe Shae ai ; ~~ Ke, aDNIAIM jw : | 
We OOS SATUS ew) OG Nee Sg eer = | ee oe ee Ne Se | 
CYIMIE Net HOt beotke Omni gg COP SS ee eh — | we Aan be OY 
CHE SD ep AR HOR Ee CMT CON TIAL ZOR NNO Qn foe _ te ee Pf Oe | 
ieee See TT tp Pee Ole eo s- CG SC xe CONEY ee 2 : Le 5 se eee SHE Gee i } 
eG) © Gulls 2 re = eee ie ea, a oan Co Te TAS ee Pe DS 
ee SU SO Sr ae tt pe a is ee ee. bet a a an at odd 
~—IT THOS ee ee NS Ee eC ae ec) oN SF OnNCH Pea oe =H > OO + SMe WAC eee we i 
OL nd OCI NF we we NS or eo OO BS Sa t= le — Se pte ea eee Bhp RP RO ; 
ee tt HEC * f- ete NL Ome we LU Tw eg See em moe oy la. Sse (en eo ace 
ee 6s SSAA LEO SARL IGS 1 OBA y EOE LOR DE Fab nda oe te boanx HO COCONO SS : 
aa OO f-> AE IONE FOO CA ORO REN Oy BO et EUGT SELES GZO0 MeeVee Nw | 
SAAWGOLC WOW N5eee ROOM EECOONSOZOXMCNOX # ene cee ee eS “GUNN NOKO ~D 
OAM K OH UK HK COM> ih A aa mal ron setae er Oe >See Se ERR NO NCOR SRS OLS 
SU hn AOD DUES ANG UGA HHEOSEL Gy Unb SOOT COTE ese CER Eh Beh Gun tOnen a 
==, Vga) SLOP ELE ee HEC OPTS wed ue OOm Wt Soe ects a We Wena woe news Zh | 
75) Pe ene COUTEGSS IIOOS LE Ga a Csr Sh OL ORCL ADEE PDC LN MERE Buh Eee COOGEE SE CeO | 
VOSAOYOO CO4NICOOOUIOCOLLoGa44 Tp Ht OFM EEG SV be COP SP Se EE EKO NLM EGO OOrFOCES 
aa Se ee DEGUT SACO Sa RE SHEETS TEES eS SSeS GRE EE ESOP SPS eS ESC NCH SVeSeR Core | 
Pr NOOISCGS>NNLOGCT >naCO>anb-snzzzZOGTOE EE TOOLES EES 7 | : a ; ! 
os | : | ) | | : | | | a ey, ' =o ON 
| een | ee ————E—————————— | Oo | 
3 eT — — = = 
1 ! ’ 1 ‘ i i : = : ‘ 
po —_ ——— 





PRC1 
PRC2 
QFRE1 
QFREDG 
XMAGI. 
XMAG@ 
CFREI 
CFREG 
QIN 
QAUT 
LTIN 
LTOUT 
RUNIN 
RUNQOUT 
Q1IN 
QI OUT 
CLIN 
C1OUT 


VRQI 


VRCI 
VRQ 
VRCG 
VRIN 


VROUT 


VARIABLE ~- NAME DICTIONARY FOR RAW MATERIAL 


Correct unit cost 


Eaewoneous unit COSt 


Bled uenc, 


Or 


Frequency of 


Magnitude of 


Magnitude of 


Frequency 


of 


Frequency of 


Number 


Number 


Number 


Number 


Number 


Number 


bollar 


Dol tar 


Dollar 


Dollar 


Variance 


counting 


of un 
of un 
of un 
of un 
lo 
of lo 
value 
value 
value 
value 


of 


[SH Sh & 


Variance OL 


Variance 


Variance 


Variance 


Variance 


of 


of 


of 


of 


INnpuce cOUNEIMG Error 

output counting error 

input counting error 

GCULDUE TeOUNL ING error 

iMput Easting Error 

OUEper costing error 
its of incoming raw material 

its of outgoing raw material (requisition) 
its in one incoming lot 

its in one outgoing lot 

ts of incoming raw material 

ts of 


outgoing raw material 


Civile lOm cainput counting error 


of | lot's cuktput counting error 


of 1 lot's input costing error 


Cpelwlot se output costing error 


input counting error in terms of # lot's of input 
or of raw material # 1 
input counting error 
output counting error 
output costing error 


input error 


output errer 


95 








VRT 
AIRS 


AVQIN 


AVQGUT : 


AVCIN 
AVCGUT 
AVTIN 
AVTOUT 
SGMIN 
SGMOUT 


AVT 


TSGM 


TAV 


Total variance = VRIN + VR@UT 


hoecaql accumulated Variance = LVRI 


Mean dollar value of input counting error 


Mean dollar value of output counting error 


Mean dollar value of input costing error 


Mean dollar value of output costing error 


AVQIN + AVCIN 

AVQOUT + AVCQUT 

Dollar value of standard deviation 
Dollar value of standard deviation 
Mean dollar value of error effects 
AVT = AVTIN - AVT@UT 

Dollar value of standard deviation 


ending raw material 


of 


Of 


on 


of 


Meam dollar value of cumulated errors 


96 


input error 
OULDUE VeLror 


ending raw material 


Crror ellect> on 





LIST OF REFERENCES 


Burns, David C., Audit Evidence Evaluation Using Computer 
Pemulation with Special Emphasis on Ascertaining the Reliability 
of Accounting Data. (Indiana University Graduate School of 
Business, 1971). 


Committee on Auditing Procedure, Statement on Auditing Standards 
fae American Institute of Certified Public Accountants, Inc., 


73. 


Sheldon M. Ross, Introduction to Probability Models. Holden-Day, 
mo7 2. 


Sheldon M. Ross, Applied Probability Models with Optimization 
PppLtications. Holden-Day, 19/0. 


D. R. Cox, Renewal Theory, Methuen and Company, 1967. 


of 





INITIAL DISTRIBUTION LIST 


No. 


i 


Defense Documentation-Center 
Cameron Station 
Alexandria, Virginia 22314 


Pabrary, Code 0212 
Naval Postgraduate School 
Monterey, California 93940 


Prefessor David A. Schrady, Code 55 

Department Chairman 4 ~+— 

Department of Operations Research and 
Administrative Sciences 

Naval Postgraduate School 

Monterey, California 93940 


Asst. Professor David C. Burns, Code 55Bu 

Department of Operations Research and 
Adminiscrrative Sciences 

Naval Postgraduate School 

Monterey, California 93940 


Professor Russ Richards, Code 55Rh ro) 

Department of Operations Research and 
Administrative Sciences 

Naval Postgraduate School 

Monterey, California 93940 


Professor David Whipple, Code 55Wp 

Department of Operations Research and 
Administrative Sciences 

Naval Postgraduate School 

Monterey, California 93940 


Major Man-Won JEE 

Systems Analysis Section 
Ministry of National Defense 
Yong-San, Soul, Korea 


98 


Copies 























DUDLEY KNox UBRARY 
NAVAL POSTGRADUATE SCHOOL 
MONTEREY, CALIFORNIA 83849 





thesJ38 
thematical models for oreli 





